3GPP TSG RAN WG1 LTE Ad Hoc
            
R1-050612

Sophia-Antipolis, France, 20th-21st June, 2005
Agenda Item:
4.3

Source: 
RITT

Title:        
Macro Diversity and Distributed Antenna System for E-UTRA

Document for:
Discussion/Decision

___________________________________________________________________________

1. Introduction

Improving coverage and increasing the data rate at the “cell edge” have been regarded as an essential requirement of the EUTRA system. To achieve this, we suggest the macro diversity should be first employed in uplink. Then the pros and cons of adopting the macro diversity in downlink should also be discussed. Finally, the feasibility of implementing distributed antenna system in EUTRAN could be investigated. 

2. From macro diversity to distributed antenna system

To realize a smooth evolution from current UMTS system, the most practical implementation should first be considered, then more advanced schemes could be taken into account step by step. In this proposal, a three-phase evolution is suggested in which the uplink macro diversity, downlink macro diversity and distributed antenna system are involved. Phase 1 and 2 are based on the traditional cellular structure, whereas the phase 3 may change the conventional system topology, hence needs carefully studied.
Phase 1: Uplink Macro Diversity and Downlink Fast Cell Selection for TDD

The uplink macro diversity is an effective method to improve the coverage and increase the “cell edge” data rate. This technique is based on the uplink soft handover, and combines the signals from UE received in different cells. As mentioned in some other proposals (e.g. [3]), this technique provides attractive advantages, and should be employed in the EUTRAN system, together with downlink fast cell selection. The UE’s signal received by several neighboring NodeBs can be combined and jointly processed to resist the fading and improve the performance. The combination schemes under consideration include Selective Combination and Maximum Ratio Combination. 

Especially for TDD system, thanks to the channel symmetry between uplink and downlink, the fast cell selection can be implemented more effectively. After several NodeBs receive the signals from a UE in a uplink-macro-diversity operation, the system can instantly select the best NodeB for downlink transmission, based on the uplink CQI measurement. This can substantially reduce the processing delay and the signaling load. 

Phase 2: Uplink Macro Diversity and Downlink Multi-antenna Transmission

As a further evolution over the fast cell selection, the joint transmission from several NodeBs could be considered in downlink. Thanks to the large spacing between antenna elements, nearly un-correlated antenna array can be realized in which advanced MIMO schemes (such as spatial multiplexing and space-time coding) can be effectively implemented. The multi-antenna transmission can fully explore the downlink macro diversity and provide performance gain over the fast cell selection. Of course the pros and cons both need to be investigated carefully. A sample of improving coverage performance with macro diversity can be found in [5].

Phase 3: Distributed Antenna System 

Based on phase 1 and 2, the Distributed Antenna System (DAS) can be considered for a “longer-term” evolution. Although the DAS will change the traditional topology of cellular systems, it should be carefully studied and evaluated because it may bring significant performance gain over the conventional macro diversity systems. At least in some specific scenario (such as for indoor coverage), the DAS has been ready to play an important role. Employing DAS in a wider range should also be taken into account in the near future.

The DAS is actually a part of the distributed radio network architecture. This architecture should be treated as a comprehensive concept that may include the evolution of UTRA, UTRAN, CN and the Signal & Signaling Transmitting Networks. In this paper, we only focus on the physical layer aspect. 

3. Distributed Antenna System
Distributed antenna system is a novel cellular structure for future mobile communication systems. In this system, antennas are accommodated at distributed access points (AP) that only contain RF modules. Several APs are connected to a distributed processing unit via optical connections, for joint signal processing. It is based on the multi-antenna techniques and can take fully advantages of advanced PHY techniques, such as MIMO, Space-time coding (STC), Joint Transmission/Detection (JT/JD) and so on. The distributed network architecture would bring many advantages, such as:

· Fully explore space diversity
· Extend coverage range
· Cope with “smaller cell size” problem and avoid frequent handover
· User always feels at the centre of cell
· Avoid “Cell Edge” effect – identical QoS & data rate
· Robust against inter-cell interference
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Fig 1. Structure of distributed antenna system
The distributed network architecture can involve different MIMO techniques, such as Distribute MIMO, Virtual MIMO, Multi-hop relaying (for TDD), so to provide better QoS, coverage and higher throughput.
3.1. Spaced MIMO
In this technique, several single antennas in adjacent APs can be grouped into an antenna array. The group of antennas can be used to implement MIMO transmission/reception to/from a UE. A basic distributed antenna array can be extended to support the joint transmission/reception. In a DAS, since MIMO transmission/reception are performed on far-spaced antennas, the system can perform the path-loss-based spatial multiplexing and small-scale-fading-based spatial multiplexing jointly. For another, the antennas connected to one AP are permitted to communicate with MTs not only totally but also partially in a spaced MIMO system.

3.2. Distributed MIMO
As an extended application of spaced MIMO, distributed MIMO considers using multiple antennas simultaneously in each AP. Antenna arrays on multiple APs are jointly employed as a larger MIMO system that can fully exploit the advantages of MIMO techniques. All antennas/antenna arrays connected to one BS can be flexibly grouped and utilized to minimize the influence of path loss. The integrated processing at BS can effectively reduce the multi-user and multi-cell interference, and maximize the system performance.

3.3. Virtual MIMO
Although using multiple antennas on a UE can greatly improve the system capacity, it is difficult to accommodate a large number of antennas in a UE due to constraint of terminal dimension. However, virtual MIMO could be considered to solve this problem. In the conventional cellular communications, one UE can only communicate with another UE via BS. However, we propose that in Evolved UTRA, the UE-to-UE direct communication could also be considered. By setting up direct connections between some neighboring UEs, the group of UEs can construct a group terminal (GT). In a GT, each UE can communicate with BS/AP not only using its own antenna but using antennas in other UEs of the GT. From the point of BS/AP, a virtual antenna array is employed within the GT to perform a MIMO transmission/reception. This scheme is therefore named Virtual MIMO.
4. Conclusions
Macro diversity and distributed antenna system are agreeable solutions to the “cell edge” data rate problem. The long-tern evolution of UTRA/UTRAN could be considered a in three phases: In phase 1, the adoption of uplink macro diversity and downlink fast cell selection should be consolidated. In phase 2, the pros and cons of using the downlink multi-antenna transmission should be investigated. In phase 3, the feasibility of employing distributed antenna system could be carefully studied for the LTE of UTRA/UTRAN.
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